Incubation of human colonic contents with various ethanol concentrations (2.75-44 mM) in vitro at 37°C resulted in significant accumulation of acetaldehyde -a toxic and highly reactive compound. At pH 9-6, all samples produced notable acetaldehyde concentrations (58 (13) KM; mean (SEM)) even from the lowest (2.75 mM) ethanol concentration, and the production of acetaldehyde increased linearly with rising ethanol concentration (r=0.97; p<0.005), reaching a peak concentration of 238 (37) p.M at 44 mM ethanol. The formation of acetaldehyde took place rapidly, as almost 50% of acetaldehyde formed during the total eight hour incubation was detectable after one hour, and 75% of the total after four hours. Maximal acetaldehyde production from 22 mM ethanol occurred at pH 9.6 (160 (35) ,uM) but appreciable concentrations were also seen at pH 7. 4 (110 (38) KM) and pH 6.0 (63 (19) KM). At pH 4-0, by contrast, acetaldehyde formation was negligible (17 (5) KM). 4-Methylpyrazole, a potent inhibitor of alcohol dehydrogenase, showed a decreasing effect on acetaldehyde production in vitro but first at a concentration of 100 mM. Considerable acetaldehyde production by human colonic bacteria -if it occurs also in vivo -could constitute a risk factor for rectal cancer in heavy drinkers and also provide a pathogenetic mechanism for alcohol induced diarrhoea.
acetaldehyde concentrations (58 (13) KM; mean (SEM)) even from the lowest (2.75 mM) ethanol concentration, and the production of acetaldehyde increased linearly with rising ethanol concentration (r=0.97; p<0.005), reaching a peak concentration of 238 (37) p.M at 44 mM ethanol. The formation of acetaldehyde took place rapidly, as almost 50% of acetaldehyde formed during the total eight hour incubation was detectable after one hour, and 75% of the total after four hours. Maximal acetaldehyde production from 22 mM ethanol occurred at pH 9.6 (160 (35) ,uM) but appreciable concentrations were also seen at pH 7.4 (110 (38) KM) and pH 6.0 (63 (19) KM). At pH 4-0, by contrast, acetaldehyde formation was negligible (17 (5) KM). 4 -Methylpyrazole, a potent inhibitor of alcohol dehydrogenase, showed a decreasing effect on acetaldehyde production in vitro but first at a concentration of 100 mM. Considerable acetaldehyde production by human colonic bacteria -if it occurs also in vivo -could constitute a risk factor for rectal cancer in heavy drinkers and also provide a pathogenetic mechanism for alcohol induced diarrhoea. The samples were then stored at +4°C (maximum five hours) in closed vials until they were pooled and the pH was measured immediately before the incubation procedure. A 250 p.l aliquot of the colonic contents (pH ranging from 7-47 to 8.43) was then incubated in closed vials for two hours at 37°C with 250 p.l glycine buffer (pH 9.6) containing different ethanol concentrations (final concentrations varying from 0 to 44 mM). The effect of pH on acetaldehyde formation was evaluated by incubating colonic contents with 22 mM ethanol prepared either in a 1 M citrate (pH 4.0 and 6.0), a 1 M potassium phosphate (pH 7.4) or a 1 M glycine (pH 9.6) buffer. In addition, the velocity of acetaldehyde formation was studied by incubating three of the colonic suspensions with 22 Time (h) Figure 3 : The velocity of acetaldehyde production by colonic contents at 22 mM ethanol at pH 9-6 at 37°C, expressed as percentage (mean (SEM) of total acetaldehyde detected after eight hours incubation.
concentration (r=0.97; p<0005), reaching a peak of 238 (37) KM of acetaldehyde at 44 mM ethanol (Fig 1) .
Maximal acetaldehyde production at 22 mM ethanol occurred at pH 9.6 (160 (35) puM) but noticeable concentrations were also seen at pH 7-4 (110 (38) ,uM) and pH 6.0 (63 (19) ,uM). By contrast, at pH 4.0, acetaldehyde formation was almost negligible (17 (5) ,uM) (Fig 2) .
The formation of acetaldehyde took place rapidly as almost 50% of acetaldehyde formed during the total of eight hours incubation was detectable after one hour, and 75% of the total after four hours at 370C (Fig 3) .
Acetaldehyde production was significantly inhibited by 4-methylpyrazole but first at a high concentration of the compound (at 22 mM ethanol acetaldehyde production at 100 mM 4-methylpyrazole 50 (10)% of control, Fig 4) these phenomena can lead to cellular destruction. In this respect, the probability of alcohol induced organ damage may be proportional to the organ's capacity to metabolise ethanol to acetaldehyde. Earlier studies have shown that oral ethanol given to rats results in accelerated chemically induced rectal carcinogenesis30 and also increased mucosal acetaldehyde concentrations in the descending colon compared with the ascending colon. 12 This increase in acetaldehyde concentration was paralleled by a significant increase in the number of anaerobic bacteria.'2 Moreover, rats with a jejunal self filling diverticulum (and consequent bacterial overgrowth) show a noticeable increase in portal acetaldehyde concentrations after intragastric ethanol when compared with controls with a self emptying diverticulum, and incubation of diverticular contents with ethanol leads to fairly high acetaldehyde concentrations. 31 These findings strongly advocate the role of intestinal bacteria in the oxidation of ethanol to acetaldehyde, which in turn could mediate some of the gastrointestinal toxicity of ethanol in laboratory rats.
The concentrations of ethanol in the ileum after alcohol ingestion are similar to those of the vascular space.32 Our results show that human colonic contents are capable of oxidising ethanol to acetaldehyde in vitro at the comparatively low ethanol concentrations known to exist in the colon during normal drinking. Moreover, this acetaldehyde formation takes place at a pH normally found in the colon, although the production is enhanced by increasing pH. Colonic bacteria could thus provide a clinically significant source of acetaldehyde in the large bowel and this acetaldehyde could possibly lead to toxic changes in the intestinal wall. Resulting cellular injury could then lead to compensatory hyperregeneration, which by itself can favour carcinogenesis. Furthermore, acetaldehyde produced in the intestine and reaching the liver by the portal circulation could also potentiate the hepatotoxicity of acetaldehyde originating in the liver, thus making subjects with certain types of colonic microflora more vulnerable to alcohol induced hepatic injury than others. Acetaldehyde might also have an important role in the pathogenesis of alcohol induced diarrhoea, a well reported, but poorly understood symptom among alcoholics. 1 11 33 In this study we had no opportunity to obtain bacteriological data from the faecal samples and samples were not stored or incubated strictly anaerobically, which may have reduced the ratio of anaerobic/aerobic organisms. The rather large variation seen in the acetaldehyde forming capacity in this study could, therefore, be explained by different bacterial counts, as well as different bacterial viability in the samples. Further studies are, consequently, already in progress in our laboratory to establish the capacity of various colonic bacterial strains to metabolise ethanol to acetaldehyde in vitro.
As described in this paper, colonic acetaldehyde production is rapidly reduced with lowering of the pH. Dietary fibres decrease the pH of colonic content,34 and also have a protective role against colonic cancer.35 36 The mechanism behind this protection could be the reduced colonic acetaldehyde production. Therefore, the possible role of dietary factors in the regulation of colonic pH as well as in production of acetaldehyde also warrants further studies.
In this study, 4-methylpyrazole showed no inhibition on acetaldehyde formation by the colonic content until at a concentration of 100 mM. This finding could reflect poor penetration of 4-methylpyrazole through the bacterial wall or merely, insensitivity of the bacterial alcohol dehydrogenase to the inhibitory effect of 4- 
